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.2012.02.Abstract The biostratigraphy, microfacies association, mineralogical interferences, depositional
environments and geochemical properties of the Abu Qada Formation, which exposed at Gabal
El-Gunna Southeastern Sinai, Egypt were delineated. It belongs to the planktonic foraminiferal
Whiteinella archaeocretacea Zone of the Late Cenomanian-Early Turonian and consists of calcar-
eous shale and limestone. The calcareous shale facies is characterized by chlorite, smectite and illite
with high concentration of P2O5, Zn, Ni, V, and Cr. The carbonate rocks are characterized by fora-
miniferal wakestone and bioclastic grainstone. These microfacies associations are characterized by
barite with high content of Sr. The facies types with faunal contents, geochemical and mineralogical
studies suggest a restricted to shelf lagoon open circulation environment.
ª 2012 Egyptian Petroleum Research Institute. Published by Elsevier Ltd.Open access under CC BY-NC-ND license.1. Introduction
El-Gunna area is an important massive structure in
Southeastern Sinai, Egypt that lies between latitudes
285100000 and 285500000N and longitudes 342000000 and
342800000E (Fig. 1). Gabal El-Gunna is situated at the
south-eastern part of El Ajmah plateau. It is one of the ma-.Y.M.A. El-Hariri).
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009jor blocks of El Ajmah plateau which extends eastwest be-
tween the Aqaba and Suez Gulfs.
The Gulf of Aqaba rift occurs during the Late Paleogene
and Neogene. The faults have two main directions (N15E
and N60W). The faulted blocks are inclined toward the rift
with fault scarps, which generally face the opposite direction
away from it [1].
[2] distinguished four structural phases during the Aqaba
rifting: Aquitanian–Burdigalian, Late Middle–Late Miocene,
Pliocene and post Pliocene–Late Holocene. They advocated
that, the NNE faults are of sinistral, slip whereas the NW
faults are dextral.
Precambrian crystalline rocks are overlain by Lower Paleo-
zoic–Lower Cretaceous sediments, followed by a thick se-
quence of marine sediments of Late Cretaceous to Eocene
age. Within this major sequence, intervals of non-depositionhosting by Elsevier B.V. Open access under CC BY-NC-ND license.
Figure 1 Location geologic map of the study area after [10].
72 T.Y.M.A. El-Hariri et al.or erosion are present, related either to sea level ﬂuctuations or
to tectonic phases of the Syrian arc [3].
The Cenomanian–Turonian (C–T) transition records a ma-
jor oceanic anoxic event (OAE2). This event is characterizedFigure 2 Lithostratigraphy column of Abu Qada Formation at Ga
Shale and blue shade indicates Limestone). (For interpretation of the r
web version of this article.)by a widespread occurrence of organic-rich black shales [4–6]
and has been invoked as the cause of a major extinction event
for marine organisms [7–9].
2. Materials and methods
The present work aims to ﬂash up at the petrographical, min-
eralogical, chemical analyses, scanning electron microscope,
and biostratigraphy to evaluate the depositional environments
of the Abu Qada Formation at Gabal El-Gunna, as follows:
(1) Four samples were selected and analyzed byX-ray diffrac-
tion (XRD). The analysis was carried out at the Egyptian
Mineral Resource Authority (Central Laboratories sec-
tor), on the clay size fraction, using the automated powder
diffractometer system of Philips PW 1710; with Ni – ﬁlter
Cu radiation (k= 1.542 A) at 40 kV, 30 mA and scanning
speed 20/min to evaluate the clay mineralogy.
(2) Ten samples were selected for the geochemical study
needed for determination of the major and trace ele-
ments. The detailed chemical analysis was carried outbal El-Gunna Southeastern Sinai, Egypt. (Green shade indicates
eferences to color in this ﬁgure legend, the reader is referred to the
Plate 1 (A and B): SEM photomicrograph, for calcareous
benthonic foraminifera, chlorite and smectite, Cenomanian–Turo-
nian samples No. 2 and 9, Abu Qada Formation, Gabal El-
Gunna, Southeastern Sinai, Egypt. (C): SEM photomicrograph
for Hedbergella delrioensis, Late Cenomanian, sample No. 3,
lower part of Abu Qada Formation, Gabal El-Gunna, Southeast-
ern Sinai, Egypt. (D): SEM photomicrograph for Whitinella
archarocretacea, Late Cenomanian, sample No. 4, Abu Qada
Formation, Gabal El-Gunna, Southeastern Sinai, Egypt.
Plate 2 (A–C): Photomicrograph, showing foraminiferal wake-
stone, Upper Cenomanian, samples No. 3, 4, and 6, Abu Qada
Formation, Gabal El-Gunna, Egypt. (D): Photomicrograph,
showing bioclastic grainstone, Lower Turonian, sample No. 9,
Abu Qada Formation, Gabal El-Gunna, Southeastern Sinai,
Egypt.
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Laboratories sector). The analysis was done through
X-ray ﬂuorescence (XRF) on Origaku 3070 instrument
for determining 20 major and trace elements.Table 1 Cenomanian – Turonian rock units in the northern Eastern
below-mentioned references for further information.)(3) Scanning electron microscopy (SEM) was done for 10
samples to evaluate the different minerals in clay miner-
alogy of the studied section. Also, well preserved index
foraminiferal specimens were digitally imaged using a
Philips X30 Scanning attached with EDX unit, with
acceleration voltage of 30 kV, magniﬁcation of 10· up
to 400,000 and resolution for W. (3.5 mm) at the Egyp-
tian Minerals Resource Authority (Central Laboratories
sector).Desert and southern Sinai, according to different authors. (See
Table 2 X- Ray diffraction data of the treated clay fractions (Gabal El-Gunna area).
Formation Sample No. Normal Glycolated Heated Mineral detected
2h I/I dA 2h I/I dA 2h I/I dA
Abu Qada 10 6.2 2.2 14.25 6.1 2.3 14.34 6.2 2.5 14.2 Chlorite
12.3 14.6 7.18 12.2 17 7.28 12.4 20.0 7.11
24.9 16.8 3.57 24.9 3.4 3.57 24.9 21.3 3.57
6.6 5.9 13.32 6.5 14.8 13.6 6.7 3.4 13.2 Smectite
16.1 2.7 5.5 15.1 2.5 5.85 14.7 7.3 6.03
20.1 9.2 4.4 20.1 8.6 4.49 20.1 7.5 4.4
8.8 2.5 10.06 8.6 2.4 10.21 8.8 4.2 10.0 Illite
17.7 2.5 5.01 17.7 1.3 5.01 17.3 5.5 5.1
31.7 14.1 2.82 31.7 7.6 2.82 31.7 15.8 2.82
9 6.2 2.2 14.26 6.2 2.3 14.33 6.3 2.5 14.1 Chlorite
12.3 14.6 7.16 12.3 17 7.25 12.3 20.0 7.10
24.9 16.8 3.57 24.9 3.4 3.57 24.9 21.3 3.57
6.1 5.9 13.3 6.2 14.8 13.59 8.7 3.4 13.1 Smectite
16.1 2.7 5.5 15.1 2.5 5.85 14.7 7.3 6.03
20.1 9.2 4.4 20.1 8.6 4.49 20.1 7.5 4.4
8.8 2.5 10.05 8.7 2.4 10.20 8.7 4.2 10.1 Illite
17.7 2.5 5.01 17.7 1.3 5.01 17.3 5.5 5.1
31.7 14.1 2.82 31.7 7.6 2.82 31.7 15.8 2.82
2 6.2 3.3 14.20 6.2 3 14.48 6.2 2.6 14.10 Chlorite
12.3 12.4 7.19 12.2 13.7 7.21 12.4 9.9 7.16
24.8 14.9 3.57 24.8 15.2 3.57 24.85 12.7 3.57
7.3 3.2 12.29 6.5 4.8 13.9 8 2.3 11.5 Smectite
20.8 2.8 4.26 14.5 2.4 6.1 14.6 2.9 6.08
26.7 8.3 3.34 20.9 16 4.24 20.8 3.1 4.26
8.7 2.2 10.04 8.7 1.8 10.25 8.6 2.2 10.12 Illite
23 5.9 3.86 17.7 2.8 5.01 17.3 1.9 5.1
31.7 3.1 2.82 31.7 2.9 2.81 31.7 3.4 2.82
1 6.2 3.3 14.22 6.1 3 14.50 6.3 2.6 14.11 Chlorite
12.4 12.4 7.10 12.2 13.7 7.21 12.4 9.9 7.12
24.8 14.9 3.57 24.8 15.2 3.57 24.85 12.7 3.57
7.3 3.2 12.28 6.8 4.8 12.93 7.2 2.3 12.2 Smectite
20.8 2.8 4.26 14.5 2.4 6.1 14.6 2.9 6.08
26.7 8.3 3.34 20.9 16 4.24 20.8 3.1 4.26
8.8 2.2 10.02 8.6 1.8 10.27 8.7 2.2 10.1 Illite
23 5.9 3.86 17.7 2.8 5.01 17.3 1.9 5.1
31.7 3.1 2.82 31.7 2.9 2.81 31.7 3.4 2.82
74 T.Y.M.A. El-Hariri et al.(4) Ten samples were selected for the geochemical study
to determine the major and trace elements. The
detailed chemical analysis was carried out at the Egyp-
tian Mineral Resource Authority (Central Laborato-
ries sector). The analysis was made through the
automated powder diffractometer system of Philips
PW 1710.
(5) Six thin sections were prepared for the petrographic
investigation of the rocks belonging to the Abu Qada
Formation and to determine the mineralogical compo-
sition, microfacies associations and depositional
environments.
(6) Ten samples of the Abu Qada Formation were examined
for palynology content specially dinoﬂagellates. Each
sample was crushed into fragments of approximately
1–2 mm, the samples were treated with 10% hydrochlo-
ric acid to remove the soluble carbonates, treated with
40% hydroﬂuoric acid for one–two days. On the com-
pletion of this step, ammonium hydroxide was involved.
Mechanical separation using zinc chloride (sp.g.2.0) was
subjected to the washed residues. The examined slides
were found barren.(7) For foraminiferal analysis, about 200 g of dry rock sam-
ples were soaked in hydrogen peroxide, disaggregated in
water and washed through a 63 lm sieve, and then
dried. Selectively, planktonic and benthonic foraminif-
era were picked and mounted on slides.
3. Litho and biostratigraphy
The stratigraphic study of Gabal El-Gunna leads to the subdi-
vision of the Upper Cretaceous sequence into four formations,
according to the classiﬁcation of Ghorab [11]: Raha (Lower–
Middle Cenomanian), Abu Qada (Upper Cenomanian–Lower
Turonian), Wata (Middle–Upper Turonian), Matulla (Conia-
cian–Santonian) and Sudr (Campanian–Maastrichtian). The
present work concerns only on the study of the Abu Qada
Formation.
A section of about 50 m consists mainly of inner-shelf
mixed shale and carbonate cycles which is represented by the
Abu Qada Formation, was measured and divided into three
cycles (Fig. 2).
Figure 3 X-ray diffraction chart for the studied clay minerals, samples No. 1 and 9 in the Abu Qada Formation, at Gabal El-Gunna,
Southeastern Sinai, Egypt.
Table 3 Relative frequency distribution of the detected clay
minerals in the Abu Qada Formation at Gabal El-Gunna area.
Formation Sample No. Chlorite (%) Smectite (%) Illite (%)
Abu Qada 10 46 29 25
9 48 28 24
2 47 30 23
1 47 27 26
Facies and sedimentary environments of the Abu Qada Formation at Gabal El-Gunna, Southeastern Sinai, Egypt 75The lowermost part of the Abu Qada Formation consists of
shale with planktonic foraminifera, that are generally rare and
occur sporadically whereas the benthonic foraminifera are
comparatively abundant (Plate 1A). A Late Cenomanian age
is inferred for the basal part of the Abu Qada Formation in
the study area, based on the occurrence of the planktonic
foraminifera, such as Whiteinella archaeocretacea Pessagno,
Globigerinelloides bentonensis (Morrow), Heterohelix more-
mani (Cushman); in addition to the Cenomanian bivalves
assemblage, such as Pycnodonte vesiculosum (Sowerby) and
Costagyra olisiponensis (Sharpe).
The middle cycle of the Abu Qada Formation is character-
ized by an increase of the carbonate content, that consists of
thick and yellowish white limestone capped by dolomite con-
taining sporadic planktonic foraminifera; such as W. archaeo-
cretacea (Pessagno), Hedbergella delrioensis (Carsey) and
Heterohelix globulosa (Ehrenberg), (Plate 1B and C).
The last cycle in the Abu Qada Formation consists of shale
with few disseminated of benthonic foraminifera, such as Nod-
osaria, Lagena and Rotalia spp., the absence of planktonic
foraminifera (Plate 1D) and containing also rare large-sizedammonite assemblage of Lower Turonian; such as Vascoceras
proprium (Reyment) and Choffaticeras segne (Solger).
The Abu Qada Formation overlies the Raha Formation
and underlies the Middle–Upper Turonian Wata Formation
in the study area. It belongs to the planktonic foraminiferal
W. archaeocretacea Zone of Late Cenomanian–Early Turo-
nian, according to Robaszynski and Caron [12].
The zone was originally described as partial range zone,
which spans the interval from the extinction of Rotalipora
cushmani (Morrow) to the ﬁrst occurrence of Helvetoglobo-
truncana helvetica (Bolli). In the present study, it is deﬁned
as the interval from the ﬁrst to the last occurrence of the W.
archaeocretacea (Pessagno).
The Cenomanian–Turonian transition in the present study
is located at the upper part of theW. archaeocretacaea biozone
in the Abu Qada Formation. Lithologically, it is characterized
by vertical facies change from limestone to shale. These shales
are thinly laminated, phosphatic, organic-rich and extremely
sulphidic.
Issawi et al. [14] mentioned that, the Abu Qada and Wata
Formations in Sinai and the Gulf of Suez provinces are equiv-
alent to the Maghra El-Hadida Formation in the north East-
ern Desert. For the correlation of the Cenomanian–Turonian
units with some different works in the northern parts of Egypt,
see Table 1.4. Microfacies and depositional environments
The Abu Qada Formation in Gabel El-Gunna, Southeastern
Sinai, Egypt, consists predominantly of vertically stacked se-
quences of clastic and non-clastic sediments. The microfacies
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Table 4 Chemical composition (major oxides in wt.% and trace elements in ppm) of the studied samples of the Abu Qada Formation rocks.
Age Formation Sample
No.
SiO2
(%)
Al2O3
(%)
Fe2O3
(%)
CaO
(%)
MgO
(%)
Na2O
(%)
K2O
(%)
P2O5
(%)
MnO
(%)
TiO2
(%)
L.O.I.
(%)
Total Sr
(ppm)
Rb (ppm) Pb
(ppm)
Zn
(ppm)
Cu
(ppm)
Ni
(ppm)
Cr
(ppm)
V
(ppm)
Ba
(ppm)
Cenomanian–Turonian Abu Qada 10 31.5 15.36 4.69 21.02 2.21 0.50 1.51 0.501 0.027 0.64 21.52 99.991 37 50 8 54 18 89 83 135 185
9 31.8 15.56 4.59 21.12 2.11 0.52 1.54 0.503 0.028 0.65 21.54 99.961 35 49 7 55 17 91 85 133 190
8 4.81 1.95 3.85 23.36 14.7 0 0.59 0.02 0.07 0.37 50.21 99.993 600 28 3 13 1 1 6 24 187
7 4.91 1.85 3.95 23.39 14.8 0 0.55 0.01 0.09 0.32 50.21 99.990 595 27 2 12 0 0 5 23 189
6 6.82 3.58 3.15 45.87 2.17 0.62 1.50 0.570 0.041 0.67 35.85 99.996 695 28 3 53 5 12 67 44 789
5 6.92 3.48 3.35 45.67 2.27 0.52 1.45 0.675 0.039 0.69 35.83 99.994 660 27 8 51 6 13 68 43 781
4 6.45 3.35 3.31 45.66 2.24 0.48 1.40 0.673 0.038 0.69 35.80 99.991 659 29 5 52 6 14 69 43 786
3 5.42 3.41 3.33 45.67 2.25 0.49 1.41 0.672 0.031 0.65 35.83 99.993 656 26 4 50 5 12 66 41 776
2 37.99 12.67 3.65 14.12 1.71 0.91 1.57 0.998 0.057 0.62 25.70 99.995 64 33 4 194 24 80 159 123 130
1 38.49 13.14 3.75 13.04 1.75 0.87 1.58 0.988 0.059 0.6 25.73 99.997 63 34 5 197 26 79 158 122 129
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Figure 7 Relationship between nickle (ppm) and chromium
(ppm).
Facies and sedimentary environments of the Abu Qada Formation at Gabal El-Gunna, Southeastern Sinai, Egypt 77(1) Foraminiferal wakestone: This microfacies is very com-
mon in the middle limestone beds of the Upper Cenoma-
nian of Abu Qada Formation. This limestone is light
gray to yellow in color, hard and fossiliferous. This
microfacies is composed mainly of micrite 60%, with
foraminiferal species (planktonic foraminiferal of about
35% and benthonic foraminiferal of about 5%). ThisFigure 8 Generalized model of the Upper Cenomanian–Lower Turo
Sinai, Egypt.microfacies indicates the deposition in shelf lagoon-open
circulation environment (standard microfacies No. 9;
[23]), (Plate 2A–C and samples No. 3, 4 and 6).
(2) Bioclastic grainstone: This microfacies is composed of
rhombic dolomite and sparite, with few shell fragments.
The dolomite is about 25% and the sparite is about 75%.
The dolo-sparite is yellow to yellowish brown in color
and very hard. This microfacies indicates the deposition
in shelf lagoon-open circulation environment (standard
microfacies No. 18; [23]), (Plate 2D and sample No. 9).
4.1. Clay mineralogy
The clay minerals occurred in the studied samples of the Abu
Qada Formation is shown in Table 2 and Fig. 3. The semi-
quantitative clay mineralogy of the studied samples is shown
in Table 3. The main clay minerals of the Abu Qada Forma-
tion are chlorite associated with smectite and illite indicates
on the restricted lagoonal environments, Fig. 8.
5. Geochemistry
The successions of the Abu Qada Formation are characterized
by the presence of various types of rocks, according to the
averages of Turekian and Wedepohl [27] and (Table 4).nian at Abu Qada Formation in Gabal El-Gunna, Southeastern
78 T.Y.M.A. El-Hariri et al.The clay minerals are characterized by chlorite, smectite,
and illite with high content of calcareous benthonic foraminif-
era and rare planktonic foraminifera.
The chemical distribution of certain major and trace ele-
ments may prove direct information of the depositional envi-
ronments and type of the host sediments.
The contents of SiO2, Al2O3, Fe2O3, CaO, and MgO are
ranging from 31.5% to 38.49%, from 12.67% to 15.56%, from
3.65% to 4.69%, from 13.04% to 21.12%, and from 1.71% to
2.21%, respectively, and high contents of P2O5 in lower shale
bed (Table 4).
The trace elements of clay minerals are high contents of Zn,
Cr, Ni, and V (Table 4).
The carbonate rocks are characterized by two microfacies
types: foraminiferal wakestone and bioclastic grainstone.
The contents of CaO, MgO, SiO2, and Fe2O3 are rang-
ing from 23.36% to 45.87%, from 2.17% to 14.8%, from
4.81% to 6.92% and from 3.15% to 3.95%, respectively
(Table 4).
The trace elements of carbonate rocks consist of high con-
tents of Sr and Ba ranging from 556 to 660 ppm and from 187
to 789 ppm, respectively, high content of Ba in samples 3, 4, 5,
and 6 which are represented in the foraminiferal wakestone
microfacies, in which the percentages of the other trace ele-
ments are low (Table 4).
The relation between Zn and P2O5 in the studied samples,
indicates that the lower bed of shale is characterized by high
phosphorus and zinc. The high percentage of the phosphorus
reveals phosphate present in these beds (Figs. 4 and 8).
The relationship between Ba and CaO reﬂects a high per-
centage of barium and calcium oxide in wakestone microfacies,
which contains some sporadic planktonic foraminifera, such as
Whitinella sp. and Hedbergella sp. The high concentration of
barium reveals some barite in these wakestone microfacies
(Figs. 5 and 8).
The relationship between V and Cr reﬂects the clustering of
minerals into two groups of rocks. The ﬁrst is the shale bed,
which is characterized by high content of vanadium and chro-
mium. The second group includes all the microfacies of car-
bonate rocks, which are characterized by low content of
vanadium and chromium (Figs. 6 and 8).
The relationship between Ni and Cr reﬂects the clustering
of minerals into two groups of rocks. The ﬁrst one is the shale
bed, which is characterized by high content of nickel and chro-
mium. The second group includes all the microfacies of car-
bonate rocks, which are characterized by low content of
nickel and chromium (Figs. 7 and 8).
6. Summary and conclusions
The study of biostratigraphy and depositional environments of
the Abu Qada Formation at Gabal El-Gunna are classiﬁed
into three cycles as follows from base to top:
The ﬁrst cycle consists of calcareous shale with high content
of benthonic foraminifera and rare planktonic foraminifera,
with bivalve assemblages. The main clay minerals are chlorite
associated with smectite and illite. Chemically, the phosphate
content is present with high content of Zn, Cr, Ni, and V. Bi-
valve assemblages and geochemical properties are occurred in
a restricted environment with low-oxygen, brackish, and nutri-
ent-rich water.The second cycle consists of carbonate rocks, which are
characterized by two microfacies. The ﬁrst is the foraminiferal
wakestone, which is characterized by barite with high content
of Sr. The second microfacies is the bioclastic grainstone,
which is characterized by high content of Sr. Foraminifera
are dominated by high-stress planktonic and benthonic assem-
blages characterized by low-diversity and tolerant species,
which mark shallow-water. All of these microfacies are depos-
ited in shelf lagoon open-circulation environments.
A Late Cenomanian age is suggested to the ﬁrst and second
cycles, based on planktonic foraminifera (lower part of W.
archaeocretacea Zone), in addition to a marker of Cenomanian
bivalves assemblage, such as P. vesiculosum (Sowerby) and C.
olisiponensis (Sharpe).
The last cycle consists of calcareous shale, which represents
the Upper Turonian (upper part of W. archaeocretacea Zone).
In this cycle, the main clay minerals are chlorite associated
with smectite and illite. Chemically, the high content of Cr,
Ni, and V with the absence of planktonic foraminifera and
low-diversity of benthonic foraminifera suggest the deposition
in regressive environments.
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